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Abstract

Background: Individuals with Down syndrome (DS) have a higher prevalence of additional 

congenital anomalies, especially cardiovascular defects, compared to the general population. 

Several reports have indicated that the prevalence of DS among live births varies by race and 

ethnicity within the United States. We aim to examine variations in co-occurring congenital 

anomalies by maternal race/ethnicity among infants and fetuses diagnosed with DS born during 

2013–2017.

Methods: State birth defect surveillance systems (N = 12) submitted data on infants and fetuses 

diagnosed with DS born during 2013–2017. We calculated the prevalence of co-occurring major 

and minor congenital anomalies, by organ system, and four selected cardiovascular birth defects, 

all stratified by maternal race/ethnicity.

Results: Among 5,836 cases of DS, 79.7% had one or more co-occurring congenital anomalies. 

There was a higher percentage of co-occurring congenital anomalies among infants and fetuses 

born to Hispanic mothers. The lowest percentage of co-occurring congenital anomalies, including 

three out of the four individual cardiovascular conditions examined, was among infants/fetuses 

born to non-Hispanic American Indian/Alaska Native mothers.
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Conclusions: We describe differences in DS co-occurrence with additional congenital 

anomalies among maternal racial/ethnic groups. These data may help focus future research on 

differences among racial/ethnic groups in the diagnosis and reporting of co-occurring congenital 

anomalies in infants/fetuses diagnosed with DS.
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birth defects; congenital anomalies; co-occurrence; down syndrome; maternal race/ethnicity; 
prevalence

1 | INTRODUCTION

Down syndrome (DS), also known as trisomy 21, is the most common chromosomal 

disorder, affecting one in every 635 births in the United States (Mai et al., 2019). 

Individuals with DS have a higher prevalence of additional congenital anomalies, especially 

cardiovascular defects, compared to the general population (Bull, 2020).

Several reports have indicated that the prevalence of DS varies by race and ethnicity within 

the United States. For example, the highest prevalence is among children born to Hispanic 

mothers (15.4–16.6 per 10,000 live births), while the prevalence among children born to 

non-Hispanic Black and non-Hispanic Asian or Pacific Islander mothers is lower (10.2–

10.9 and 10.8–11.6 per 10,000 live births, respectively) (Heinke et al., 2021; Mai et al., 

2019). However, patterns of co-occurring congenital anomalies by race and ethnicity are 

only beginning to be described (Freeman et al., 2008), which limits our understanding of 

disparities among individuals with DS.

Therefore, we sought to describe the prevalence of major and minor birth defects among 

infants/fetuses with DS by maternal race and ethnicity within a large, population-based 

sample of U.S. births.

2 | METHODS

Data on infants/fetuses diagnosed with DS codes of 758.0 (International Classification of 

Diseases, ninth Revision, Clinical Modification [ICD-9-CM]), Q90.0–Q90.9 (International 

Classification of Diseases, 10th Revision, Clinical Modification [ICD-10-CM]), and 758.00–

758.09 (Centers for Disease Control and Prevention [CDC]/British Pediatric Association 

[BPA]) delivered between January 1, 2013 and December 31, 2017 were collected from 12 

U.S. state- and territorial-based birth defects surveillance programs: Arkansas, California, 

Delaware, Georgia (Metropolitan Atlanta), Iowa, Massachusetts, North Carolina, Oklahoma, 

Puerto Rico, South Carolina, Texas, and Utah. Programs were asked to submit data on 

any co-occurring birth defects they collected for these infants and fetuses, including major 

and minor defects. We also requested case-level information by year of birth, maternal 

race/ethnicity, maternal age at delivery, infant sex, pregnancy outcome, birth weight, and 

gestational age at delivery.

We restricted our dataset to birth defects surveillance programs that use active case 

ascertainment and that captured information on all pregnancy outcomes. We limited cases 
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to ≥20 weeks gestation (or 350 g birthweight where gestational age was missing) to allow 

for diagnosis of co-occurring congenital anomalies. To examine co-occurring congenital 

anomalies, we followed the methods described in Heinke et al. (2021). However, due to 

the small cell sizes resulting from stratification by maternal race/ethnicity, we limited this 

analysis to major and minor congenital anomalies by organ systems and four selected 

cardiovascular birth defects commonly associated with DS: atrial septal defect (ASD), 

atrioventricular septal defect (AVSD), tetralogy of Fallot (TOF), and ventricular septal defect 

(VSD). Co-occurring congenital anomalies were stratified by maternal race/ethnicity (White, 

non-Hispanic [W-NH]; Black, non-Hispanic [B-NH]; Hispanic; Asian or Pacific Islander, 

non-Hispanic [API-NH]; American Indian or Alaska Native, non-Hispanic [AIAN-NH]). 

Additional information about each state program’s data collection methodology is available 

in the most recent birth defects program directory (Stallings et al., 2019).

Co-occurrence for congenital anomalies is represented as prevalence per 100 DS cases. We 

calculated 95% confidence intervals for percentages using the exact binomial methodology 

(Daly, 1992). Because our objective is to describe prevalence by race/ethnicity, we elected 

to not perform any statistical modeling or adjusted analyses (Conroy & Murray, 2020). Data 

analysis was performed using SAS Version 9.4 (SAS Institute, Cary, NC). This activity was 

reviewed by CDC, deemed public health surveillance, and was conducted consistent with 

applicable federal law and CDC policy.1

3 | RESULTS

We obtained data on infants/fetuses diagnosed with DS from 12 U.S. state- and territorial-

based birth defects surveillance programs. Table 1 shows percentage (i.e., prevalence per 

100 DS cases) of co-occurring congenital anomalies among infants and fetuses with DS by 

organ system and four selected cardiovascular birth defects, further stratified by maternal 

race/ethnicity. Out of a total of 5,836 infants and fetuses with DS, we identified 4,654 

(79.7%) with one or more co-occurring diagnosis codes within the congenital anomalies 

code range.

The percentage of infants/fetuses diagnosed with one or more co-occurring anomalies 

ranged from 75 to 80%, with the lowest percentage among infants/fetuses of AIAN-NH 

mothers (75.9%) and the highest percentage among infants/fetuses of W-NH and Hispanic 

mothers (80.3 and 80.0%, respectively). A range of 65–71% of infants/fetuses were reported 

to have at least one code within the cardiovascular system, with the highest percentage 

among infants/fetuses of Hispanic mothers (71.5%) and the lowest percentage among 

infants/fetuses of AIAN-NH mothers (65.5%). Among the individual cardiovascular birth 

defects we examined, the highest percentage co-occurring was seen for infants/fetuses of 

AIAN-NH for ASD (43.1%), infants/fetuses of B-NH mothers for AVSD (25.1%), infants/

fetuses of API-NH mothers for TOF (4.0%), and infants/fetuses of Hispanic mothers for 

VSD (22.8%).

1See for example, C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S. C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3,501 et. seq.
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Among the congenital anomaly codes we considered, infants/fetuses of Hispanic mothers 

had the highest percentage co-occurring for 10 out of 16 organ systems; those of AIAN-NH 

mothers had the lowest percentage co-occurring for at least 12 out of 16 organ systems. 

Adequate comparisons could not be made among the central nervous system, orofacial 

clefts, lower gastrointestinal, genital, and renal organ systems due to low case counts 

among infants/fetuses of AIAN-NH mothers. This pattern of lower reported percentage 

co-occurring conditions continued among the individual cardiovascular birth defects we 

examined, with infants/fetuses of AIAN-NH mothers having the lowest percentage co-

occurring for three out of the four included conditions (AVSD, TOF, and VSD).

4 | DISCUSSION

We observed that infants and fetuses born to W-NH and Hispanic mothers had the 

highest reported percentage co-occurring congenital anomalies (80.3 and 80%, respectively). 

Infants/fetuses of Hispanic mothers had the highest reported percentage co-occurring 

among most organ systems (10/16 systems) while infants/fetuses of AIAN-NH mothers 

had the lowest reported percentage co-occurring among organ systems (at least 12/16). 

Variation in occurrence of specific defects by race/ethnicity has been reported previously, 

but most studies only compared birth defect prevalences among the three most common 

race/ethnicity groups in the United States—W-NH, B-NH, and Hispanic. This limits of our 

awareness and understanding of prevalence differences among children born to API-NH and 

AIAN-NH mothers. Importantly, we observed a higher prevalence of ASD among infants/

fetuses of AIAN-NH mothers in this report, which is consistent with a previous report 

among the general population in California by Aggarwal, Warmerdam, Wyatt, Ahmad, and 

Shaw (2015). Canfield et al. (2014) found a higher prevalence of TOF, orofacial clefts, 

and musculoskeletal defects among AIAN-NH mothers, which we did not see in this co-

occurrence analysis.

Infants/fetuses of Hispanic mothers have both the highest rates of DS in general (Mai et 

al., 2019) and the highest percentage co-occurrence of congenital anomalies in 11 of the 16 

organ systems examined in this analysis. Some of these differences may result from lower 

reported rates of elective termination after DS diagnosis among the Hispanic population 

(de Graaf, Buckley, & Skotko, 2015); however, included surveillance systems reported all 

birth outcomes (terminations, stillbirths, and live births). Hispanic and W-NH mothers have 

also been reported to have lower rates of termination among all pregnancies than B-NH 

mothers (Dehlendorf, Harris, & Weitz, 2013). In addition, several birth defects are reported 

more frequently in infants/fetuses of Hispanic mothers in the U.S. population than other 

racial/ethnic groups (Mai et al., 2019).

The reasons for these differences among ethnic groups require more study. In particular, 

further evaluation of the ability of surveillance systems to fully capture anomalies in 

all racial/ethnicity groups should be evaluated. For example, the lower prevalence of co-

occurring conditions among the AIAN-NH population could be due to a true difference 

in incidence or a result of underdiagnosis of co-occurring congenital anomalies among the 

AIAN-NH population, possibly due to inadequate access to healthcare (Tolbert, Orgera, 

Singer, & Damico, 2019); this difference could also be a result of poor ascertainment 
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or inability to confirm defects among Native populations by state surveillance systems. 

Such investigations may identify areas for improvement of health equity and birth defects 

surveillance systems.

Our study utilized data from 12 active population-based birth defect registries including data 

on all birth outcomes between 2013 and 2017. There are some limitations to consider. For 

example, as we limited our analysis to pregnancies of ≥20 weeks gestation when most birth 

defects can be diagnosed, we likely missed early terminations that may have affected our 

results, especially given different rates of elective terminations among racial/ethnic groups 

(de Graaf et al., 2015). In addition, the programs included in our analysis are not necessarily 

demographically representative of the U.S. population. Furthermore, due to small cell size, 

we examined co-occurring congenital anomalies by organ system rather than specific birth 

defects—including both major and minor anomalies—which limits our conclusions. We 

performed a sensitivity analysis examining a subset of major birth defects by maternal race/

ethnicity, which showed similar results to our organ system analysis. This sub-analysis of 

major birth defects could not be shown due to small cell sizes but reinforced our results. 

Nonetheless, this remains one of the most complete and comprehensive assessments of 

co-occurring congenital anomalies by race and ethnicity among infants/fetuses with DS.

5 | CONCLUSION

There are limited data available comparing co-occurring congenital anomalies among 

infants/fetuses with DS by maternal race/ethnicity, and even fewer that include infants/

fetuses of API-NH and AIAN-NH mothers. These data may help focus future research on 

the differences among racial/ethnic groups in the diagnosis and reporting of co-occurring 

congenital anomalies in infants/fetuses diagnosed with DS and help improve surveillance 

strategies among all racial/ethnic groups. These data also help fill gaps in available data 

for smaller racial/ethnic groups in the United States and may help identify opportunities for 

improving perinatal health equity.
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